The crystal structure of arapovite, ideally U 4+ (Ca,Na) 2 (K 
, and turkestanite, Th (Ca,Na (Kabalov et al. 1998) ; the crystal structure of iraqite- (La) has not yet been refined. Six-membered doublerings, ideally [Si 12 O 30 ], occur in the 18 minerals of the milarite group with the general formula [6] Forbes et al. 1972 , Hawthorne et al. 1991 . Here, we report the crystal structure and crystal chemistry of arapovite.
ELECTRON-MICROPROBE ANALYSIS
The chemical composition of arapovite (Table 1) was established on annealed material with a Cameca SX 100 electron microprobe operating in wavelength-dispersion mode with an accelerating voltage of 15 kV, a specimen current of 15 nA, a beam size of 20 m and counting times on peak and background of 20 and 10 s, respectively. The following standards and crystals were used for K, L or M X-ray lines: Na: albite; Si, Ca: diopside; Al, K: orthoclase; Th: ThO 2 ; Sr: strontianite; Ba: barite; U: UO 2 ; Pb: PbTe. Data were reduced using the X-PHI procedure (Merlet 1992 
COLLECTION OF X-RAY DATA AND STRUCTURE REFINEMENT
The highly metamict natural crystals of arapovite gave an indistinct X-ray-diffraction pattern, and it was impossible to refine the structure. Arapovite was annealed for 3.5 hours up to 1100°C in air. Single-crystal X-ray-diffraction data for an annealed single crystal of arapovite were collected with a Bruker P4 diffractometer equipped with MoK␣ X-radiation and a 1K CCD detector. Integrated intensities of 8780 reflections with 1 -0 < h < 10, 1 -0 < k < 10, 2 -0 < l < 20 were collected up to 2 = 60.08° using 60 s per frame. The refined cellparameters (Table 2) were obtained from 4657 reflections (I > 10 I). An empirical absorption correction (SADABS, Sheldrick 1998) was applied.
The crystal structure of arapovite was refined to the final R 1 index of 2.9% using atom coordinates of turkestanite (Kabalov et al. 1998 ) as the initial model and the SHELXTL 5.1 system of programs (Sheldrick 1997) . Scattering factors for neutral atoms were taken from the International Tables for X-ray Crystallography (1992). Site occupancies were refined for the A, B and C sites with the scattering curves of U, Ca and K. Details of the X-ray data collection and structure refinement are given in Table 2 . Residual weak maxima [two maxima of 3.4 e and 1.1 e located 0.75 Å and 1.74 Å from the U site, respectively, and one maximum of 1.1 e located 0.87 Å from the K site] were present in difference-Fourier maps calculated at the final stages of refinement. Final atom-parameters for arapovite are given in Table 3 , selected interatomic distances are presented in Table 4 , refined site-scattering values are given in Table 5 , and a bond-valence analysis is shown in Table 6 . Structure factors may be obtained from The * The structural formula calculated on the basis of 8 Si apfu.
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DESCRIPTION OF THE CRYSTAL STRUCTURE

Cation coordination
There is one Si site, tetrahedrally coordinated by O atoms and fully occupied by Si with an <Si-O> distance of 1.617 Å. The shortest Si-O distance, Si-O(3) = 1.577(3) Å, involves a bond to a non-bridging O atom (Table 6) , whereas all other O atoms are bonded to two Si atoms. There are two sites, A and B, coordinated by eight O atoms with <A-O> and <B-O> distances of 2.403 and 2.490 Å, respectively. The total refined scattering at the A and B sites is 79.4(4) and 37.1(3) epfu (electrons per formula unit) and the analogous scattering calculated from the unit formula (Tables 1, 5) (001) (Fig. 1a) . In the sheet, each A polyhedron shares common edges with four B polyhedra, and each B polyhedron shares common edges with two A polyhedra, the ratio A : B being 1 : 2. These sheets are linked in the c direction by [Si 8 O 20 ] double-rings, forming a mixed-polyhedron framework (Fig. 1b) . Large cages of the framework occlude [12]-coordinated C sites (Fig.  1c) . The C cations are situated at the same level along the c direction as the [Si 8 O 20 ] double-rings. The topology of the arapovite structure is identical to that of steacyite (Richard & Perrault 1972 ) and turkestanite (Kabalov et al. 1998) .
RELATED MINERALS
Other minerals with [Si 8 O 20 ] units
Two minerals contain a silicate unit of different bond-topology but the same stoichiometry as that in arapovite: ekanite, Th Ca 2 [Si 8 O 20 ], a 7.483(3), c 14.893(6) Å, V 833.9 Å 3 , Z = 2, space group I422 (Szymański et al. 1982) , and litidionite, Na 2 K 2 Cu 2 [Si 8 O 20 ], a 9.800(10), b 8.010(10), c 6.970(10) Å, ␣ 114.1(1), ␤ 99.5(1), ␥ 105.6(1)°, V 456.8 Å 3 , Z = 2, space group P1 (Pozas et al. 1975) . The [Si 8 O 20 ] units in these minerals are a sheet and a chain, respectively. The sheet in the crystal structure of ekanite consists of four-and eight-membered rings of tetrahedra (Fig. 2a) . Polyhedra containing [8]-coordinated Th and Ca form a sheet identical to that in the structure of arapovite (Fig.  1a) . In the crystal structure of ekanite, [Si 8 O 20 ] sheets and sheets of Th and Ca polyhedra alternate along the c direction (Fig. 2b) . Figure 2c shows a general view of the mixed framework in the crystal structure of ekanite, formed through linkage of (SiO 4 ) tetrahedra and [8]-coordinated polyhedra. The chain [Si 8 O 20 ] 8-in the crystal structure of litidionite is a combination of four-and eight-membered rings (Fig. 3a) . Polyhedra containing [5]-coordinated Ca and polyhedra containing [7] -coordinated Na share common edges to form chains along [001] (Figs. 3b, c) . The (SiO 4 ) tetrahedra and (CaO 5 ) and (NaO 7 ) polyhedra share common vertices to form a mixed-polyhedron framework (Fig. 3c) . (Cannillo et al. 1973) and epididymite, (Gebert 1983) . Figure 4 shows the distribution of minerals of (Si n O 2.5n ) stoichiometry. Where n = 3, double-rings are rare and the structure topology is dominated by other connectivities. Where n = 4, there is a similar number of double-rings as other connectivities. Where n = 6, double-rings dominate the topology of the structure, and other connectivities are rare.
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